The purposes of this study were to investigate the inhibitory effects of Salacia reticulata Tul. root extract on cellular oxidants and melanogenesis in B16 melanoma cells. Cells treated with non-toxic doses of S. reticulata root extract were investigated for their effects on melanogenesis, cellular tyrosinase activity and cellular oxidant scavenging activity. The results indicated that S. reticulata extract inhibited melanin synthesis and tyrosinase activity in α-MSH-induced or UV-irradiated B16 melanoma cells in a dose dependent manner. Additionally, the extract also exhibited anti-cellular oxidants in UV-induced radical melanoma cells. Altogether, these results suggested that S. reticulata root extract has roles in suppression of melanogenesis and oxidant inhibition. S. reticulata root extract may be a potential source for the development of pharmaceutical products for treatment of skin hyperpigmentation disorders.
A biological melanin pigment is synthesized from melanocytes [1] . Tyrosinase is a rate limiting enzyme in melanin biosynthesis functioning in the alteration of L-tyrosine to L-dihydroxyphenylalanine (L-DOPA), followed by the oxidation of L-DOPA to DOPA quinone. DOPA quinone is progressively transformed to eumelanins (brownish-black pigment) and pheomelanins (reddishyellow pigment) [2] .
The defense mechanisms of human skin against ultraviolet (UV) radiation are mostly involved with melanin synthesis and biological repair mechanisms [3] . UV exposure results in the continuous generation of reactive oxygen species (ROS), including hydrogen peroxide (H 2 O 2 ), superoxide anion (O 2 •− ), hydroxyl radical (OH • ) and singlet oxygen (
• O 2 ) [4] . UV radiation also increases nitric oxide (NO) and peroxynitrite (ONOO -) by inductions of NO synthase and xanthine oxidase activities [5] . These radicals can stimulate tyrosinase activity and therefore melanin synthesis in melanocytes [6] . An overproduction of tyrosinase has been well recognized for various dermatological conditions such as age spots, actinic spots and melanoma [7] . α-Melanocyte-stimulating hormone (α-MSH) also enhances melanin biosynthesis by upregulating the transcription factor of tyrosinase (TYR), tyrosinase-related protein-1 (TRP-1), and tyrosinase-related protein-2 (TRP-2) [2] .
Plants contain various active ingredients that target melanin synthesis through tyrosinase activity, and are considered to be potential resources for the treatment of abnormal melanin production [8] . Most melanin biosynthesis inhibitors are either phenol or catechol analogues with structures similar to tyrosinase substrate, tyrosine or L-DOPA [9] . Salacia reticulata Tul., Celastraceae family (S. reticulata), a traditional medicinal herb in India, Sri-Lanka and China, has been widely used in the treatment of diabetes [10] . The main constituents of S. reticulata root extract are phenolic compounds [10] . These are expected to play a role in melanin and tyrosinase inhibition. In this study, we first report that S. reticulata root extract has biological roles as anti-cellular oxidants and in melanogenesis inhibition of B16 melanoma cells. Cell viability of B16 cells treated with various concentrations of S. reticulata extract was first checked to confirm cytotoxicity. All tested concentrations (0.2-1.0 mg/mL) of the extract showed no cytotoxicity as determined by the MTT assay at 24 h ( Figure 1A ). Non-toxic doses of S. reticulata extract were designated to determine the effects on melanin synthesis and tyrosinase activity. UV radiation is an acceptable means for generating radical species. We also determined cell viability after exposure to a wavelength of 245 nm of UVC at doses of 0.4 and 0.8 J/cm 2 for 30 min. No significant changes in cell viability were observed ( Figure 1B ). This is consistent with a previous report that a low dose of UVC exposure for 2 h did not affect the viability of A375 melanoma cells [11] . Then, the UV irradiated cells at doses of 0.4 and 0.8 J/cm 2 for 30 min were considered for the study of cellular oxidants, melanin synthesis, and tyrosinase activity in B6 melanoma cells treated with S. reticulata root extract.
Untreated cells without α-MSH were indicated and used as a control in melanin production and tyrosinase activity measurements (100%). Treatments with S. reticulata extract at various concentrations (0.2 -1.0 mg/mL) showed decreased melanin content in a dose dependent manner ( production in -MSH stimulated B16 cells in a dose dependent manner (Figure 2A ). S. reticulata extract not only inhibited melanin production, but also suppressed tyrosinase function. B16 treated with S. reticulata extract had decreased tyrosinase activity in both unstimulated and -MSH-stimulated B16 melanoma cells in dose dependent manners ( Figure 2B ). The effects of S. reticulata extract on melanin and tyrosinase inhibition were strongly correlated both in stimulated with and without α-MSH, respectively (r=0.993, P<0.001 and r=0.989, P<0.005).
Additionally, S. reticulata extract exhibited cellular anti-oxidant activity in melanoma cells in a dose manner when compared with untreated cells ( Figure 3A) . We also demonstrated that treatment with S. reticulata extract suppressed oxidative stress caused by UVC. UV irradiated cells demonstrated statistically increased cellular oxidants determined by DCF mean fluorescence intensity [113.4±4.91% (P<0.05) and 143.1±2.91% of control-non-radiated cells (P<0.001) when cells were exposed to UV at 0.4 and 0.8 J/cm 2 , respectively]. S. reticulata extract showed an oxidant scavenging effect in a dose dependent manner ( Figure 3B ). The results indicate that S. reticulata extract has an anti-oxidant effect in both UV-irradiated and non-radiated B16 melanoma cells.
In UV irradiated cells with induced cellular oxidants, the redox alteration may associate with melanin production. Induction of melanin synthesis was observed in UV irradiated cells at 0.8 J/cm 2 for 30 min (118.1±3.72% of control, P<0.005) ( Figure 4A ). S. reticulata extract (0.2 -1.0 mg/mL) exposure prior to UV exposure was sufficient to inhibit melanin synthesis in B16 melanoma cells ( Figure 4A) . Similarly, the suppression of tyrosinase activity was also observed in B16 cells treated with S. reticulata extract ( Figure  4B ). It should be noted that increased cellular tyrosinase activity was observed in 0.8 J/cm 2 UV irradiated cells (118.3±2.25% of control, P<0.001). S. reticulata extract caused the reduction of tyrosinase activity in B16 melanoma cells ( Figure 4B ).
Plant derived tyrosinase inhibitors can be clinically useful for the treatment of dermatological conditions, including skin hyperpigmentation [12] . In this study, we demonstrated that S. reticulata root extract inhibits melanin production and tyrosinase activation in B16 cells stimulated with -MSH and in UV irradiated cells. However, further study is needed to determine the molecular mechanisms of the extract on tyrosinase activity and melanin production.
In summary, S. reticulata root extract inhibits melanin production and suppresses tyrosinase activity as well as having an antioxidant effect in the B16 melanoma cell line in both unstimulated and stimulated conditions. Thus, S. reticulata root extract may be a candidate for developing pharmaceutical products for skinwhitening and anti-hyperpigmentary disorders.
Experimental
Preparation of S. reticulata root extract: Dried S. reticulata roots were purchased from a herbal outlet and authenticated by Dr. Y.M.H.B. Yapabandara (Natural Products Development Group, Industrial Technology Institute, Colombo, Sri Lanka). A voucher specimen has been deposited in the museum of the Department of Zoology, University of Colombo (specimen number 1SR). The S. reticulata root extract was kindly provided by Dr. Nasapon Povichit, Detox (Thailand) Co Ltd. The dried plant was ground Effects of Salacia reticulata on melanogenesis Natural Product Communications Vol. 9 (4) 2014 553 using an electric blender and extracted with 70% ethanol in the dark and shaken at 150 rpm for 24 h; the mixture was then centrifuged at 3000 rpm for 15 min. The extract powder was obtained by drying the supernatant in a rotary evaporator at 50 o C and 50 mmHg.
Cell culture: B16 murine melanoma cells (RIKEN Cell Bank, Tsukuba, Japan) were maintained cultured in DMEM supplemented with 10% fetal bovine serum, penicillin (100 U/mL), and streptomycin (100 μg/mL) at 37 0 C and 5% CO 2 .
UV exposure: UV radiation (CX2000, UVP, Cambridge, UK) at a wavelength of 245 nm (UVC) in doses of 0.4 and 0.8 J/cm 2 were applied to B16 cells.
Tetrazolium dye methylthiotetrazole (MTT) assay: Cell viability was determined by the MTT (Sigma, St. Louis, MO) assay [8] . Briefly, 1.5×10 4 cells were incubated in a 96-well microculture plate in the presence of different concentrations of S. reticulata root extract at a final volume of 0.1 mL for 24 h at 37°C. Subsequently, MTT (0.5 mg/mL final concentration) was added to each well. After 3 h of additional incubation, 100 μL of 0.04 N HCl in isopropanol was added to dissolve the crystals. The absorption values at 570 nm were determined with an automatic enzyme-linked immunosorbent assay (ELISA) plate reader (Multiskan, Thermo ElectronVantaa, Finland) . Values were normalized to the untreated (control) samples.
Melanin content: Melanin content in B16 cells was determined by using a modified method of Bilodeau et al. [13] . In brief, B16 cells were seeded into 24-well plates (1.5×10 5 cells/mL) with or without α-MSH (100 nM, Sigma) and incubated for 5 days with S. reticulata extract at a concentration of 0-1.0 mg/mL. To determine the melanin content of the cells, B16 cells were washed with PBS and then lysed with 20 mM Tris-0.1% Triton X-100 (pH 7.5). After centrifugation at 12,000×g for 5 min at 4°C, the pellet was dissolved in 1N NaOH for 1 h at 60°C. The absorbance was then measured with an ELISA plate reader (Multiskan) at 405 nm. The amount of cellular melanin was corrected against the protein content of the samples, determined using the Bradford method. Cellular tyrosinase assay: Tyrosinase activity was assayed as DOPA oxidase activity using the method described previously [14] . B16 cells (1.5×10 5 cells/mL) were cultured in either the presence or absence of α-MSH and S. reticulata extract for 3 days. The cells were washed twice with ice-cold PBS and lysed with 20 mM Tris-0.1% Triton X-100 (pH 7.5). The concentration of dopachrome in the reaction mixture was measured with an ELISA plate reader (Multiskan) at 475 nm. The reaction mixture, containing 140 μL of freshly prepared substrate solution [0.1% L-DOPA in 0.1M sodium phosphate (pH 6.0)] and 70 μL enzyme solution, was incubated at 37°C. The change in absorbance was measured for the first 2 h of the reaction (i.e. while the increase in absorbance was linear). The values were normalized against the protein content of the samples. The protein concentration was determined by the Bradford method.
Measurement of ROS production: Production of ROS was determined by fluorescent probes: 2'-7'-dichlorodihydrofluorescein diacetate (DCFH-DA; Sekisui Medical, Tokyo, Japan) [6] . B16 cells were treated with various doses of S. reticulata extract for 1 h, and incubated with 10 μM of DCFH-DA for 1 h. DCF fluorescence intensity was immediately assessed for cellular oxidants at excitation/emission wavelengths of 485/535 nm by using a fluorescence microplate reader (Infinite M200 Pro, Tecan).
Statistics: Data were expressed as mean ± SD. Student's t-test, oneway analysis of variance (ANOVA) and Pearson correlation were carried out by using SPSS Version 17.0 software. P<0.05 was considered to be statistically significant.
